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Kurzfassung 
Die Entwicklung ebener Koppelgetriebe als nichtlinear übersetzende Antriebe in 
Verarbeitungsmaschinen stellt bis heute ein domänenübergreifendes Fachgebiet 
des Maschinenbaus dar. Auf der einen Seite gilt es, die Koppelgetriebe möglichst 
effizient in einer sich stetig wandelnden Softwarelandschaft zu synthetisieren 
(geometrische Maßfindung der Getriebeglieder) und auf der anderen Seite steigen 
die mechanischen Anforderungen. Aus diesem Grund besteht der Wunsch nach 
einer Vereinigung von Synthese und Analyse (kinematisch sowie kinetisch) in 
möglichst einer Programmumgebung. Basierend auf dem zum 18. ITI Symposium 
im Jahr 2015 vorgestellten modulbasierten Analyse-Synthese-Parameter-Abgleich 
(ASPA) ist in den vergangenen Jahren eine umfangreiche Bibliothek zur 
modulbasierten Synthese ebener Koppelgetriebe in SimulationX entstanden.  
Der Beitrag zeigt am Beispiel eines 14-gliedrigen Pressenantriebes, welche neuen 
Möglichkeiten im Kontext von ASPA innerhalb von SimulationX durch diese 
Bibliothek entstanden sind. Basierend auf vorausgegangenen Arbeiten wurde 
erstmals die Möglichkeit der Synthese des Getriebes mittels Maßsynthese bei 
einer gleichzeitigen Beeinflussung der Gelenkkräfte und Bewegungsverläufe 
nachgewiesen. Dabei kam der Variantenassistent in SimulationX für die Ermittlung 
der Parametersensitivitäten zum Einsatz. Das Einbinden von parametrisierten 
Trägheitskenngrößen auf Basis vereinfachter Volumenkörper ermöglichte hierbei 
die Berücksichtigung der Bauteilmassen während der Synthese. Die Möglichkeit 
der gleichzeitigen Beurteilung kinematischer und kinetischer Kenngrößen während 
der Synthese ist an dieser Stelle ein besonderes Merkmal des Konzeptes ASPA. 
Abstract 
Developing nonlinear transmitting planar coupler linkages represents a domain 
enclosing field in mechanical engineering. On the one hand, there is a demand for 
an efficient layer synthesis (geometrical sizing of the links) and on the other hand, 
it is necessary to adapt to a constantly changing software environment. Thus, it is 
desired to crosslink the kinematical and kinetical synthesis and analysis of linkages 
within one software environment. Based on a paper about the Analysis-Synthesis-
Parameter-Adjustment (ASPA), published at the 18th ITI Symposium in 2015, an 
extensive synthesis library has been developed in SimulationX.  
By the example of a 14 bar deep drawing press this paper reveals new 
opportunities that arise from the application of ASPA on the basis of the new library 
in SimulationX. Compared to prior papers on this particular press this paper, for 
the first time, presents a complete layer synthesis of this linkage regarding kinetic 
boundary conditions. In order to meet conditions, such as motion demands and 
joint forces, parameter sensitivities have been determined by applying the variants-
wizard in SimulationX. Using parameterized mass properties on the basis of 
simplified solids has allowed the specification of link masses during the synthesis. 
The opportunity of simultaneously taking kinematic and kinetic characteristics 
during the layer synthesis into account defines the concept of ASPA. 
Principle of the module based ASPA in SimulationX 
At the 18th ITI Symposium 2015 in Dresden the author presented a new concept 
of a module based Analysis-Synthesis-Parameter-Adjustment [1] [2] [3] shown in 
Figure 1. Using SimulationX, this method allows for a novel and holistic mechanism 
synthesis combining arbitrary motion demands to simulate complex models. 
 
 
Figure 1: Principle of ASPA based on three steps of model discretization 
Within this method, ASPA is mainly focused on a cross linking of the linkage 
position synthesis, its analysis and optimization based on various modules. The 
synthesis modules provide equations for solving the position synthesis and return 
length, angle or design specifications for the chosen mechanism. Each module 
provides specific information about its in- and output parameters in its 
documentation file. Subsequently, this method makes it now possible to meet 
dynamic boundary conditions during the position synthesis within one software 
environment. Figure 2 shows a selection of 19 out of the 40 implemented modules 
within the new synthesis library in SimulationX. Each module has a unique 
identifier consisting of four letters. The first letter stands for the kind of synthesis 
(two- (Z), three- (D), four- (V), five- (F) or six- (S) position synthesis). The second 
letter represents a subclass depending on the motion of the reference system and 
whether a rotary joint or a slider is required. Furthermore, auxiliary modules that 
provide additional layer positions or mass properties have an identifier consisting 
of the two letters HA (for analytical information) or HM (for mass properties). The 
last two letters in each identifier define the number of the module within its class. 
Combining modules from the synthesis library requires a deeper knowledge of the 
position synthesis. Therefore, it is necessary to study this topic with the help of the 
module library documentation and common literature before using the library. To 
understand the principle of the module based position synthesis facilitates the 
process of dividing the mechanism into subparts. Therefore, the synthesis itself 
can be understood as a method to significantly reduce the number of free 
parameters in a complex mechanism model. In other words, reducing parameters 
based on the geometrical equations of the synthesis leads to a less complex 
optimization problem. Consequently, the optimization of the press mechanism is 
more likely to be successful. Furthermore, knowing the meaning of the parameters 
or their sensitivities based on variant studies helps to understand the system 
behavior itself. 
 
 
Figure 2: Selection of the new synthesis modules implemented in SimulationX    
Z … two-position (Zwei), D … three-position (Drei), V…four-position (Vier) 
As mentioned before, a novel library for providing mass properties (HM-modules) 
was also implemented in SimulationX. Applying this library now allows to simulate 
complex models for investigating dynamical or kinetostatical problems as the 
following example of a deep drawing press illustrates. 
Synthesis of a deep drawing press regarding kinetic boundaries 
Joint forces, link masses and friction are omnipresent in press mechanisms. 
Usually the drive assembly of a drawing press is characterized by a higher share 
of potential energy compared to the kinetic energy. Figure 3 shows the kinematical 
scheme of a 14 bar deep drawing press that has been investigated by Kriese [4], 
Thümmel [5], Berger [6] and Eickhoff [7] in the past. Each investigation has 
focused on a particular aspect of this linkage, whether it was the reduction of the 
friction work, joint forces or the optimization of the punch motion. Applying the 
method of ASPA in this example has two main objectives: 
1. Is it possible to meet the kinematic boundary conditions by using a module 
based synthesis according to ASPA? 
2. Which quality has the synthesized mechanism in comparison with 
previous investigations and with regard to its kinetostatic key quantities? 
One of the first steps in SimulationX is to specify the synthesis strategy. On that 
basis the modules from the synthesis library are chosen.  
 
 
Figure 3: Deep drawing press on the left and its kinematic scheme on the right 
Therefore, Figure 4 shows the three relevant drawing phases of the press. During 
the lowering phase it is important to ensure that the binder reaches the plate before 
the punch does. Furthermore, throughout the working stroke, it is necessary to 
move the punch with a constant velocity. Thus, its acceleration has to be as close 
to zero as possible. While the punch is moving upwards, the binder must hold down 
the formed sheet which leads to the demand for a long-lasting dwell. 
 
 
Figure 4: Comparison of the three drawing phases of the punch and the binder 
Figure 5 displays the chosen strategy to synthesize the two mechanism parts of 
the drawing press. The grey path represents the strategy for synthesizing the 
punch mechanism (M2) and the white path the dwell mechanism of the binder. 
 
 
Figure 5: Synthesis strategy for two mechanism parts; M1 binder and M2 punch 
This paper focuses on a detailed description of the binder mechanism synthesis. 
This allows to understand not only the complexity of the synthesis problem but also 
the new possibilities that arise from using ASPA in order to meet complex 
boundaries. Figure 6 pictures the following steps of the synthesis. Regarding the 
objective of a long-lasting and highly accurate dwell during the work stroke of the 
punch, it is reasonable to start with the motion task of the binder (link 10) itself.  
 
 
Figure 6: Geometrical boundaries for the synthesis of the binder for a high quality dwell 
The dwell accuracy during the working stroke is mainly influenced by the overshoot 
of the point G between its outer dead position G4 and the position G3. The closer 
these two positions are together, the closer are the two positions H3 and H4 of the 
slider point H. So if H4 as the outer dead position defines the lowest position of the 
binder then H1 defines the total stroke of link 10. Consequently, the motion of link 
8 has to be restricted between G1 and G3. By choosing the length of link 8 between 
A0 and G combined with the outer dead position H4, the link length between G and 
H is already defined. The module HA03 provides the angles of link 8 within the 
positions 1, 3 and 4. From those positions the relative angles ζ14 and ζ13 can be 
computed. The next step is to synthesize the joints F and E. This step can be 
realized with the help of the synthesis module D502. This module guarantees that 
the position 3 is the outer dead position of the point E and F. In addition, it ensures 
to reach the overshoot position E4 and the start position E1. At this point the 
synthesis modules generated geometrical parameters that secure the reach of all 
the 3 positions of H. For further steps it is reasonable to mirror E4 at the line F3E3. 
This mirror point E2 allows to control the first arrival at the outer dead position H4 
during one period of motion. In view of the fact that using the modules HA03 and 
D502 guarantees the position of E3 as a point within the allowed tolerance range, 
this position needs no further consideration. During one period of motion link 6 will 
go through position 1, 2, 3, 4, 3, 2, 1. Due to the synthesis, each of these positions 
except for position 1 will be within the chosen tolerance range of the dwell.  
At this point of the binder mechanism synthesis there are two steps left. The first 
step is to ensure that the binder can reach its position 4 in time. Therefore, the 
synthesis module V104, which is based on the VDI-Guideline 2130, provides the 
link lengths. These lengths of the crank (A0A), the coupler (AB) and the rocker 
(BB0) are based on the motion demands φ14 and ψ14 (φ0 and ψ0 within the 
guideline). Applying the module D103 leads to the missing link geometries. 
Therefore, another position of the four bar link (A0ABB0) has to be provided with 
the help of the module HA04.  
At this point it appears that the position synthesis can only provide geometrical 
parameters regardless of any kinetic boundaries. However, kinetic boundaries can 
also be considered if the synthesis model is extended by an analysis of its joint 
forces, friction and the driving torque.  
 
 
Figure 7: Modules HM02 and HM03 providing mass properties based on a compound 
It is essential to know each links mass. On the contrary, it is not necessary to know 
exactly each links moment of inertia due to the fact that the press has a higher 
share of potential energy. Moreover, it is imperative to focus on friction and joint 
forces during the synthesis of the drive assembly. Therefore, a special new library 
provides mass parameters. Figure 7 shows two of these compound modules used 
within the press model, providing its mass properties. Combining these modules 
with the planar mechanics library leads to the analysis model, shown in Figure 8.  
 
 
Figure 8:  Analysis model with the opportunity to switch between the synthesis and the 
analysis of the press and between an idling cycle and a working cycle 
This model is characterized by the possibility to switch between 4 options. On the 
one hand it is possible to switch between a working cycle and idling, which controls 
the forces acting on binder and punch. On the other hand, it is possible to switch 
between the synthesized model and a comparing analysis model. The analysis 
model, the mass properties and the friction within the revolute joints were 
parameterized by referring to previous works of Kriese, Thümmel, Berger and 
Eickhoff. Using the planar rotary joint modules leads to a significant challenge. In 
order to start the simulation, it is necessary to use equations describing each joints 
initial position. With the help of the new synthesis library this step is not necessary. 
Each joint receives its initial position by applying module HA04 multiple times. This 
reduces the complexity of the model significantly.  
Outcomes 
In Figure 9 the binder motion of the existing (analysis) model is compared with the 
synthesis outcome. Especially during the dwell, the synthesized mechanism has a 
dwell accuracy of 35 μm compared to the existing mechanism with 200 μm. 
Furthermore, it appears that the accuracy increases to an error less than 5 μm by 
taking a closer look at the dwell between 180° and 230° crank angle. Figure 10 
shows the joint friction work sum. 
 
 
Figure 9:  Comparing the binder stroke of the synthesis outcome (SYN) with the analysis 
model from Berger, Kriese and Thümmel (BKT) 
 
 
Figure 10: Comparison of the sum of the friction work  
During the idling the synthesized mechanism has a slightly higher sum of the 
friction work but during the working cycle both mechanisms (synthesized and 
analyzed) are nearly equal. Further, Figure 11 shows that not only the joint friction 
of joint A0 and A decreased but also that the maximum joint force is significantly 
reduced. Consequently, the synthesized mechanism not only meets the motion 
boundary conditions but also improved kinetically. 
 
 
Figure 11:  Comparing the joint force and fiction work of each joint between synthesis and 
the analysis after Berger, Kriese, Thümmel 
Conclusion 
In this paper the author applied the method of a module based analysis-synthesis-
parameter-adjustment (ASPA) and synthesized a complex mechanism. As 
explained in the previous sections, the method is based on a self-chosen synthesis 
strategy. Based on the strategy multiple synthesis modules were combined in 
order to meet the boundary conditions. Further, the method allowed for a kinetical 
analysis of the synthesized mechanism during the synthesis process. Using 
SimulationX makes it possible to simulate the press mechanism regarding motion 
demands, friction and mass effects due to changed dimensions.  
As seen in Table 1, the presented method not only allows to synthesize such 
complex mechanisms but also to investigate and compare different solutions 
regarding kinetical objectives. Within this table “Yes” means, that by applying the 
method it is possible to investigate the effect. “No” means the authors method is 
not suited for this task and “-“ is equivalent with “maybe”. 
ASPA as a method provides the novel opportunity to investigate the change of 
complex dynamical effects due to a synthesis based change of the mechanism 
dimensions. Thus, it is now possible to meet kinetic boundaries during the 
synthesis without optimizing each dimension parameter of the mechanism.  
Table 1: Qualitative comparison of the methods used by different authors 
Criteria Heinrich Berger Eickhoff Thümmel Kriese 
Design space Yes Yes - - - 
Preferential dim. Yes Yes - No - 
Joint Penetration Yes Yes - No - 
Rounded dim. Yes Yes - No - 
Dwell Accuracy Yes Yes - No - 
Transm. angle Yes Yes - - - 
Joint forces Yes - Yes Yes Yes 
Torque analysis Yes - Yes Yes Yes 
Energy flow Yes - Yes Yes Yes 
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